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(57) Abstract 

A protection arrangement for electricity distribution lines (14) inchides a ohiralitv of ^turirc «f ^^^^i ^^-^ 
MOVs (16). said stacks (18) being ananged k parallel. Each stack (1 Sis fnte^l^S K^ 
capsulatcd .n a flameproof material. An alarm (22) and status display (26) may be providS vdthin a s^gle modu^ Tirilch 
iJfr ,?'^ n^"' an individual fuse (134). An alternative alarm system ma^ providS TsS^ an ins^S r^^^^^^^ 
over a fuse (134). over which a conductive ink (138) is applied, the ink (138) being connected to an alarm SnfT^MOV f eJ 
will physically rupture the ink (138) leading to an alarm being created. »n diann. raiiure ox an muv (16) 
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IMPROVEMENTS IN SURGE DIVERTERS 
This invention relates to improvements in surge diverters operating at distribution 
voltages, and in particular relates to clamping overvoltages resulting from occurrences such 
as lightning. 

Existing technology in such matters involves the use of varistors made of metal 
oxide to clamp lightning-induced transients on power lines. 

The metal oxide varistor (MOV) is a bipolar clamping device whidi becomes non- 
linear when a certain threshold voltage is applied. The MOV has excellent energy 
absorption ability but toids to degrade with each electrical impulse. This degradation is 
observed as a fiising of sectors of the internal crystalline structure, and leads to a lowering 
of the conduction threshold. 

Excessive energy levels in an electrical transient or repetitive transients at a lower 
level cause overheating and the abovementioned degradation. The result is conduction on 
the peak values of the AC supply and thermal runaway leading to the device producing a 
short circuit. It is quite common for MOVs to explode. 

Lightning flashes, which can be a cause of the excessive energy levels, may 
comprise several discharges consecutively using the conductive air channel. Thus, an MOV 
may be subject to rapid degradation as a result of a multiple strike event. 

In order to overcome the dangers of a short circuit caused by MOV feilure, two 
procedures are commonly applied. These are: 

1. Rating the series line fuse such that MOV failure will cause operation. 
This action disconnects power from the protected equipment, but the fiise 
cannot be replaced and power restored until the faulty MOV is replaced. 
Such an arrangement is shown in Fig. 1. 

2. Providing a protective fiise 10 in series with the MOV, which is of lesser 
rating than the line fuse 12. This allows MOV disconnection without 
equipment supply loss due to operation of the line fuse. This arrangement 
is shown in Fig. 2. 

In selecting the value of fuses, several parameters must be considered. These are: 

1. The line fuse must always have greater SOHz ratings than the MOV fiise or 
a failed MOV will repeatedly take out the line fiise. 

2. The line fiise has an impulse limit based on its ft reaction time. 

3. The MOV fiise should have a lower impulse rating than a line fuse, to 
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ensure MOV disconnection does not occur before line fuse operation. 

It is an object of this invention to provide an improved surge diverter. 

The invention provides a protection system for distribution lines, including at least 
two individually fused stacks of metal oxide varistors arranged in parallel, such that feilurc 
due to deterioration within one of said stacks will cause that stack only to disconnect 
without operation of a designated series line fiise. 

The invention also provides a fuse arrangement for a distribution line protection 
system, a fuse element comprising a wide, thin strip of copper having low resistance to AC 
current, said strip being encapsulated in flameproof material, such that it will cany an 
impulse current equivalent to a conventional cylindrical fiise of from two to three times the 
area of copp^, flius permitting disconnection as defined in claim 1, of stacks, while 
maintaining overvoltage protection integrity for impulse levels; which may be in excfess of 
the capacity of a line fiise. 

The invention further provides a protection system for distribution lines, in which 
at least two parallel stacks of metal oxide varistors are provided, a monitoring arrangement 
which monitors the integrity of a stack &se, and displays the status thereof on a 
progressively reducing bar graph, irrespective of the order of failure of stacks. 

The invention also provides a protection system for distribution lines, the provision 
of clean contacts for transmission of a status alarm to a remote point upon tiie &ilure of 
a predetmoined number of intemal stack fuses forming part of said protection system. 

The invCTtion fiirther provides a protection system for distribution lines, in which 
a multiplicity of paths is provided, said paths leading to overvoltage clamping devices 
which receive a lower *per device' current, and produce a lower voltage due to dl/dt m each 
conductor. 

The invention also provides a lightning protection arrangement for electricity 
distribution lines, including a plurality of groups of protection devices, each of said 
protection devices being a metal oxide varistor (MOV), each of said groups of protection 
devices includmg a plurality of protection devices arranged in parallel, each of said groups 
being located in parallel, said arrangement operating such that upon &ilure of a protection 
device in one of said groups, reduced protection will be provided by the remaining group 
or groups in the arrangement. 

The invention further provides an alarm system for indicatmg the failure of a 
protection device for electricity distribution lines, including an insulating mask applied to 
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an area in the vicinity of said protection device, and a conductive ink laid over said mask, 
said ink being connected into an alarm system, such that failure of the protection device 
physically breaks said conductive ink, resulting in an open circuit. 

Embodiments of the invention, which may be prefeired, will be described in detail 
hereinafter with reference to the accompanying drawings, in which:- 

Fig. 1 is a circuit diagram of one prior art fose arrangement; 

Fig. 2 is a circuit diagram of another prior art fuse arrangement; 

Fig. 3 is a circuit diagram of a first embodiment of the invention; 

Fig. 4 is a circuit diagram showing a number of the circuit elements of Fig. 3; 

Fig. 5 is a circuit diagram of a failure alarm system; 

Fig. 6 is a circuit diagram showing the provision of power to the circuit of Fig. 5; 
Fig. 7 is a circuit diagram showing how the third connection of Fig. 6 is used to 
power the alarm; 

Fig. 8 is a diagrammatic side elevation of a lightning protection arrangement 
according to the invention; 

Fig. 9 is a view similar to that of Fig. 8, showing a prior art arrangement; 

Fig. 10 is a circuit diagram similar to that of Fig. 3, with individual MOV fusing; 

and 

Fig. 11 is a circuit diagram showing an arrangement for providing an alarm. 
In prior art Fig. 1, the line 14 has an MOV 16 connected thereto. A series line fuse 
10 is also provided. 

Prior art Fig. .2 has an additional line fuse 12 which has a greater rating than line 
fuse 10. 

Referring now to Fig. 3, which is basically similar to Fig. 2, a number of MOVs 
16 is connected in parallel to form a MOV 'stack' 18. Preferably the MOVs are of 
relatively small diameter. Individual MOVs in each stack are internally fused in a 
particular manner. 

In Fig. 4, MOV stacks 18 are themselves arranged in a parallel situation. Tliis 
arrangement of placing in parallel individually fused stacks of MOVs allows failure and 
consequent disconnection of any one MOV device 18 without danger of line fuse operation. 
If it is assumed that the MOV fiise is of conventional format, the fiise rating may be I/N 
of that of the line fiise, where N is the number of MOV devices 18 in parallel. This is a 
conventional engineering concept. 
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Convendonal fiises are in the fonn of a craducting wire. The drcular fonnat of 
wire presents the maximum cross section for the minimum surface area. When skin effect 
is taken into account, this gpomefiy produces a high A.C resistance to rapidly changing 
currents such as those espraienced with lightning. 

It has been discovered that the AC resistance for a given cross section of a fuse is 
reduced by utiUsmg wide copper strip such as that on a printed drcuit board. However, 
this alone does not madcedly improve performance as it was discovered that the copper 
would delammate from the PCB and stretch due to both heat and mechanical stress. 

Hius, Hit optimum is joint utilisation of the conductive strip format and use of a 
soKd flameproof cncapsulant to prevent stretching and delamination. The net result is that 
withm certain limits such a fuse arrangement can carry approximately three times the 
impulse .current of a cylindrical conductor for the same cross section of conductor. It is 
also a feature of the invention that this advantage can be controUed by seicctmg the 
hardness of the encapsulant. 

At power frequencies, skm efGect if not an effect to be considered. The cross- 
sectional area of conductor iis the predominant parameter for fusing. Hie discoveiy of the 
present invention -can be implied to the invention to allow paralldlmg of MOV stacks 18 
in such a manner that the impulse perfiatmance. and power frequency fusing perfimnance, 
can be controUed to adiieve desired parameters. 

Tlie present invention makes it possible to have a Ime fuse of a given copper cross 
section and a MOV device fuse of lesser cross section. Thus, the MOV fuse can be 
designed to cany a higher pulse current than the line fuse without mpture, yet, on short 
rarcuiting of the MOV 16, the fiise will rupture prior to the line fiise. A typical system 
according to Rg 2, would have line fuse 10 rated at, say, 63 Amp. This fuse would 
mamtain integrity on a 20kA, 8/20 microsecond impulse. The MOV fiises 12 can each be 
rated for 5kA on unpulse, providing a total pulse capacity of 25kA for a sector whUe each 
individual MOV would have a rupture rating of only 10 Amperes at 50Hz. Failing MOVs 
would be progressively isolated without affecting the integrity of the equipment power 
supply. 

Airangements can be extended in this manner where very high single impulses can 
be absorbed over many paraUeUed devices without MOV fiise rupture. Conversely, after 
repetitive impulses of a lesser level leadmg to feilure of a MOV within a stack 18, that 
device 18 wiU be disconnected without mtcmiption of the equipment power supply. 
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It is a principle of lightning protection that equipment integrity must be maintained 
as a priority over power supply failure. In this invention, a lightning pulse in excess of the 
line fiise rating will cause its rupture while the MOV fuse integrity is maintained to limit 
overvoltages reaching equipment. However, on MOV degradation MOV devices will be 
isolated on failure without operation of the line fiise. 

In the knowledge that MOVs have a finite life, it has been past practice to provide 
status alarms. These generally are fiises or fusible links which operate to the MOV 
substntte temperature. Mechanical or electronic flagging of the failure is provided. In all 
cases, device failure removes protection from the circuit* 

It is an additional feature of this invention that the multiple devices 18 may fail 
individually and in any order, while protection continues to be provided by the remaining 
MOV devices. A single impulse of excess capacity may drive the weakest MOV into the 
short circuit mode, where, in failing it provides inherent protection to the balance of the 
residual stacks. It may be said that the invention has built-in redundancy. 

A forther feature is that stack failure can be flagged by an alarm system providing 
a residual capacity indication. For example, a typical system could comprise five stacks 
with a five-segment bar graph to indicate residual capacity. The invention provides for 
the use of opto isolators 24 and adding circuits (Fig. 5) to produce a progressive reduction 
in illuminated LEDs 26 on a bar graph, irrespective of the order of failure of devices in the 
various stacks. 

The sensing of the integrity of the MOV fuse of Fig. 5 is conveyed to the alarm 
panel 22 via a series of opto isolators 24. There is only a single reference connection 
between the MOV stacks 18 and the alarm system. 

All of the elements enclosed within the broken line in Fig. 5, including the clean 
contacts 28, are located in a common module with an integral alarm system. 

In Fig. 6, a third connection 30 is shown. Connection 30 provides power to alarm 
system 22. Reference connection 38 is also shown. 

Fig. 7 shows how connection 30 is utilised to provide alarm system 22, (in each of 
modules 3234,36) with power, without danger of earth leakage, iirespective of whether the 
system is connected Active-Neutral Active-Earth or Neutral-Earth. 

In the marketplace, the product would be housed in a common container with 
integral fuses together with visual and electrical alarm indicators. 

Referring now to Fig. 8 and 9, one exemplary clamping voltage for lightning- 
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induced transients is 27SV, which would be for systems operating on ^^v-240v AC 
supplies. The system will wodc equally well with lower-voltage MOVs for li0v-120v AC 
supplies. 

In designating protection of power drcuits using MOVs two unknowns aie 
exhibited. The first is the level of energy to be absoibed. lightning discharges typically 
vaiy from 3 kA to 300 kA peak current^ with average strokes centering near the 30kA 
value. 

Secondly, a lightning flash may comprise several discharges consecutively using the 
conductive air channel. These repetitive strokes may occur at 15 to 150 millisecond 
intervals and each will exist for several hundred microseconds. 

Currently, MOV manufacturers specify a single shot peak current which the device 
is able to withstand. Additionally, data is avdlable on how many single shot discharges 
may be absorbed at a lessee peak current. This data is based on there being adequate 
cooling time between each discharge. * 

MOVs are currently available in disc form with diameters smaller than 5inm 
through to large capadty 80mm or greater devices rated for a lOOkA single shot impulse. 

Recent tests show that these devices when subjected to repetitive strokes as occur 
in nature, will esdnbit hot spots across the substrate. This is due to inhomogeneity in the 
oxide mixing process occurring during manufacture. 

It is these hot spots that ultimately cause device failure, which takes the form of a 
short circuit. It is common for failed MOVs to explode due to the power follow-on 
current through the short circuit. Even though it is common practice to use a series fuse 
to disconnect a failed device from the line it was protecting, the thermal delay may allow 
15 to 20 cycles of very high current to pass into the device. Mechanical destmction can 
still occur in these instances. 

In the arrangement 110 of Fig. 8, groups 112J14A16 of MOVs m parallel, are 
arranged between two conductive plates 118, 120. 

One conductive plate (118) is grounded or coimected to low voltage electrode 122. 
The other conductive plate (120) is connected to the line 124 to be protected. 

The groups of MOVs are preferably radially located between plates 118, 120, bat 
may also be connected via flat conductive plates to reduce inductive effeas. Although 
three MOVs are shown in each of groups 112,114,116, a more typical number per group 
is beUeved to be five. Each group is individually fused by respective fuses or circuit 
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breakers 126,128,130, at a suitable rating to conduct lightning-type surges, but of value to 
operate should one of the M OVs fail into a short circuit mode. 

In the arrangement of Fig. 8, an overstressed MOV in a section or group such as 
114,116 or 118 will foil in the short circuit mode. In so doing, it will protect all other 
MOVs until after a time lag, its fuse (126,128,130) will operate and disconnect it from 
circuit. 

In the case of a single large MOV, the whole device would fail and the circuit be 
left without protection, even though the thunderstorm which caused the initial surge could 
still be raging. This invention allows the failure of a device due to an exceptionally high 
impulse or a multi stroke event. The mode of failure is such that the failing device 
protects the remaining sections or groups, which maintain their integrity after the event. 

Typically, some 80% of protection would remain and prove quite adequate to cater 
for. any but the exceptional events. 

In the arrangement of Fig. 8, a series of signal wires may be brought out of the 
device at points A,B and C The failure of a sector can be signalled by lamp or audible 
alarm (not shown). Each group or sector, if there are, for example, five in number, would 
represent 20% of the rated capacity of the device. This allows the progressive &ilure to 
be indicated as 80,60,40,20,0%. 

The advantages of the Fig. 8 arrangement over a single block device are several. 
Failure of a single block device represents total failure of the protective system. No 
redundancy is offered to maintain a lesser degree of protection. 

The individual fusing of devices means that each fiise may be of lesser value than 
needed for a single block MOV. In the latter case, the MOV protective fuse may need to 
be larger than the rating of the supply circuit breaker. For example, a hilltop radio site 
may only require a 63 Amp circuit but high level protection is called up. This may require 
a 100 Amp protective fuse in the MOV circuit (Fig. 9). The result will be power supply 
intemiption on MOV failure, and the Ime fuse would rupture before the MOV fiisc. This 
would not occur on a segmented system, such as that shown in Fig. 8. The overall 
impulse rating is set by the 63A line fiise, but individual MOVs will disconnect on failure, 
without line fiise operation. 

In Fig. 8, each section (112,114,116) may have a 20A fiise or the like (126,128,130 
respectively). 

TTie MOVs in Fig. 8 may each by typically rated from IkA to lOkA. Preferably, 
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each MOV is a 6.5kA 20mm diameter MOV. Ptcferably, there are 5 or 6 MOVs in each 
group or sector. 

Fig. 10 shows an arrangement 132, similar to that of Fig. 3, where die stack fiise 
12 is replaced by individual fiises 134, preferably eadi of a rfgnificantly lesser value than 
a fuse such as 12 of Fig. 3. . 

Such an anangement reduces tiie energy absorbed by a MOV in &iiure mode, 
reduces the heat to be absorbed and further reduces the risk of mechanical explosion. 

When the previously mentioned stack fuse 12 ^g. 3) is used, it is easy to detect 
feihire. Failure^hibited by removal of power to tiie entire sector. Howevw, when, say, 
5 individual fiises 134 are used in each stack, it is more difficult to detect feiluie of one 
without a signfflcant inoeiase in monitoring circuit componentry. 

Fig. 11 is a more detailed view of a modification 136 of the type of arrangement 
shown in Fig. 10, designed to overcome the aforcmraitioned problem. 

MOVs 16 are arranged much as shown in Fig. 10, with individual fuses 134. 
PrefCTably, the arrangement 136 uses a printed drcuit board with fuses 134 overlaid with 
a soldermask (preferably a hard epoxy fihn with good insulation properties) for electrical 
insulation, and fiirther overlaid with a condtictive ink 138. Preferably, the conductive ink 
138 also has an epoxy base. 

The conductive ink 138 is preCnably connected into an'alarm drcuit (not shown) 
orthelike. 

Any fiise fatture in the five-MOV stack shown in Eg. 11 wiU bum the ink 138 and 
cause it to open dicuit. IWs disconnects the power to flie stack alarm. A stadc alarm is 
thus given for any MOV faikirewithm the stack. This arrangement is particularly suitable 
when line fuses to protected equipment are of relatively low value, as individual MOV 
fiises can be rated for the appropriate impulse level but have a lower 50Hz rupture 
c^dty. This will allow feulty MOV disconnection without fear of Une fuse operation. 

Tlius, the anang«nent of Fig. 11 provides a low-cost alarm system for a surge 
diverter. 
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CLAIMS 

1. A protection system for distribution lines, including at least two individually fused 
stacks of metal oxide varistors arranged in parallel, such that failure due to deterioration 
within one of said stacks will cause that stack only to disconnect without operation of a 
designated series line fiise. 

2. A protection system according to claim 1, wherein each of said stacks has an 
impulse current rating in excess of said line fiise. 

3. In a fiise arrangement for a distribution line protection system, a fuse element 
comprising a wide, thin strip of copper having low resistance to AC current, said strip 
being encapsulated in flameproof material, such that it will carry an impulse current 
equivalent to a conventional cylindrical fiise of from two to three times the area of copper, 
thus pennitting disconnection as defined in claim 1, of stacks, while maintaining 
overvoltage protection integrity for impulse levels which may be in excess of the capacity 
of a line fuse. 

4. In a protection system for distribution lines, in which at least two parallel stacks of 
metal oxide varistors are provided, a monitoring arrangement which monitors the integrity 
of a stack fuse, and displays the status thereof on a progressively reducing bar graph, 
irrespective of the order of failure of stacks. 

5. A monitoring arrangement according to claim 4, wherein said bar graph is 
constituted by LBDs. 

6. In a protection system for distribution lines, the provision of clean contacts for 
transmission of a status alarm to a remote point upon the failure of a predetermined number 
of internal stack fiises forming part of said protection system. 

7. A protection system for distribution lines, in which a multiplicity of paths is 
provided, said paths leading to overvoltage clamping devices which receive a lower 'per 
device' current, and produce a lower voltage due to dl/dt in each conductor. 

8. A system according to claim 7, wherein said devices are MOVs and in which the 
paths are provided by arranging the MOVs in parallel stacks. 

9. A lightning protection arrangement for electricity distribution lines, including a 
plurality of groups of protection devices, each of said protection devices being a metal 
oxide varistor (MOV), each of said groups of protection devices including a plurality of 
protection devices arranged in parallel, each of said groups being located in parallel, said 
arrangement operating such that upon failure of a protection device in one of said groups, 
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reduced protection will be provided by the remaining group or groups in the anangcmcnt. 
10. An arrangement according to claim 9, wherein said groups are located between and 
connected to, two conductive plates, one of said conductive fiates being connected to the 
line- to be protected, and each connection between one of said groups and a plate is 
provided with a fiise or circuit breaker. 

11- An aixangement according to dahn 9 or clahn 10, further including a lamp or 
audible alarm which is adapted to opoate when a group fidls due to the faHbm of a 
protection device in that group. 

12. An alarm system for indicating the failure of a protection device for electricity 
distribution lines, induding an insulating mask applied to an area in the vicinity of said 
protection device, and a conductive ink laid over said mask, said ink being connected into 
an alarm system, such that failure of the protection device physically breaks said 
conductive ink, resulting in an open circuit. 

13. An alarm system according to claim 12, wherein said mask and ink are laid over 
a fase associated with said protection device. 
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AMENDED CLAIMS 

[received by the International Bureau on 22 September 1993 (22.09.93); 
original claim 1 amended; new claims 2,3,5 and 17 added; claims 2-3 
amended and renumbered as claims 4 and 6-16; other claims unchanged (3 pages)] 

1 . A protection system for power distribution lines comprising at least two stacks 
of metal oxide varistors, the stacks being arranged in parallel and the varistors of 
each stack being arranged in parallel such that failure due to deterioration or 

5 overstress of a stack or a varistor within one of said stacks will cause disconnection 
of the failed stack or varistor without operation of a series line fuse. 

2. A system according to daim 1 wherein each of the varistors is individually 
fused. 

3. A system according to claim 1 wherein each of the stacks is individually 
10 fused. 

4. A system according to claim 1, wherein each of said stacks has a stack fuse 
or an individual component fuse which has an impulse current rating in excess of 
a line fuse but operates at a lower level to power firequen^ currents. 

5. A system according to any one of the preceding claims in which failure of a 
15 stack or varistor is indicated by breakage of an insulated conductive ink connection. 

6. In a fuse arrangement for a distribution line protection system, a fuse element 
comprising a wide, thin strip of copper having low resistance to high frequency 
current, said strip being encapsulated in flameproof material, such that it will carry 
an impulse current equivalent to a conventional cylindrical fuse of from two to three 

20 times the cross-sectional area of copper, thus permitting disconnection as defined 
in claim 1, of stacks or varistors within stacks, while maintaining overvoltage 
protection integrity for impulse levels which may be in excess of the capacity of a 
line fuse. 

7. In a protection system for distribution lines, in which at least two parallel 
25 stacks of metal oxide varistors are provided, a monitoring arrangement whidi 

monitors the integrity of stack fuses and/or individual metal oxide varistor fuses, and 
displays the status thereof n a progressively redudng bar graph, irrespective of the 
order of failure of stacks or varistors within said stacks. 

8. A monitoring arrangement according to claim 7, wherein said bar graph is 
30 constituted by LEDs. 



W093/21«78 PCf/AU93/00163 

-12- ^ . 

9. In a protection system for power distribution lines, the provision of clean 
contacts for transmission of a status alarm to a remote point upon the feilure of a 
predetermined number of internal or individual fiises forming part of said protection 
system. 

5 10. A protection system for distribution lines, in which a multiplicity of paths for 
transient currents is provided, said paths leading to overvoltage clamping devices 
whidi receive a lower -per device' cmrent, and produce a lower clamping voltage 
due to a reduced dl/dt in each conductor. 

11. A system according to claim 10, wherein said devices are MOVs and in 
10 which the paths are provided by arranging the MOVs in paraUel and in parallel 

' stacJcs. 

12. ABghtnmgprotectionanangementfor electricity distribution lines, including 
a phirality of groups of protection devices, each of said protection devices being a 
mefid oxide varistor (MOV), each of said groups of protection devices including a 

15 pluraHty of protection devices airanged in paraUel, each of said groups being located 
in parallel, said arrangement operating such that upon &ilure of a protection device 
in one of said groups, reduced protection will be provided by the remaming group 
or groups in the arrangement. 

13. An arrangement according to claim 12, wherein said groups are located 
20 between and connected to, two conductive plates, one of said conductive plates bemg 

connected to tiie line to be protected, and each connection between one of said 
groups and a plate is provided witii an internal fiise or circuit breaker. 

14. An arrangement acairding t^^^^^^ 

or audible alarm which is adapted to operate when a group foils due to the feflure 
25 of a protection device in that gioup. 

15. An alarm system for indicating the failure of a protection device for electricity 
distribution lines, including an insulating mask appUed to an area in the vicinity of 
said protection device, and a conductive ink laid over said mask, said ink being 
connected into an alarm system, such thatfailure of tiie protection device physicaDy 

30 breaks said conductive ink, resulting in an open circuit. 
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16. An alarm system according to claim 15 wherein said protection device 
comprises at least one varistor and a fuse associated with said at least one varistor 
and said mask and ink are laid over said fuse such that failure of said fuse physically 
breaks said conductive ink. 
5 17. An alarm system according to claim 15 wherein said protection device 
comprises at least one stack of varistors and a fiise associated with said stack of 
varistors and said mask and ink are laid over said fuse such that failure of said fuse 
physically breaks said conductive ink. 
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